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Background:During the very early stage of the 2009 pandemic, mass
chemoprophylaxis was implemented as part of containment measure. The purposes
of the present study were to systematicaly review the retrospective studies that
investigated the efectiveness of antiviral prophylaxis during the 2009 pandemic, and
to explicitly estimate the efectiveness by employing a mathematical model.
Methods:A systematic review identified 17 articles that clearly defined the cases
and identified exposed individuals based on contact tracing. Analysing a specific
school-driven outbreak, we estimated the efectiveness of antiviral prophylaxis using
a renewal equation model. Other parameters, including the reproduction number
and the efectiveness of antiviral treatment and school closure, were jointly
estimated.
Results:Based on the systematic review, median secondary infection risks (SIRs)
among exposed individuals with and without prophylaxis were estimated at 2.1%
(quartile: 0, 12.2) and 16.6% (quartile: 8.4, 32.4), respectively. A very high
heterogeneity in the SIR was identified with an estimatedI2statistic at 71.8%. From
the outbreak data in Madagascar, the efectiveness of mass chemoprophylaxis in
reducing secondary transmissions was estimated to range from 92.8% to 95.4%
according to diferent model assumptions and likelihood functions, not varying
substantialy as compared to other parameters.
Conclusions:Only based on the meta-analysis of retrospective studies with diferent
study designs and exposure setings, it was not feasible to estimate the efectiveness
of antiviral prophylaxis in reducing transmission. However, modeling analysis of a
single outbreak successfuly yielded an estimate of the efectiveness that appeared to
be robust to model assumptions. Future studies should fil the data gap that has
existed in observational studies and alow mathematical models to be used for the
analysis of meta-data.Background
In April 2009, a pandemic caused by the influenza A (H1N1-2009) virus (pH1N1) was
recognized, spreading rapidly across the world [1]. The virulence of pH1N1 infection
appeared to be likely lower than those of other pandemics during the 20th century [2],
but the population impact was not negligible as a whole [3]. To strengthen prepared-
ness against future pandemics beter with plentiful supports of scientific evidence, it is© 2013 Mizumoto et al.; licensee BioMed Central Ltd. This is an Open Access article distributed under the terms of the Creative
Commons Atribution License (htp://creativecommons.org/licenses/by/2.0), which permits unrestricted use, distribution, and
reproduction in any medium, provided the original work is properly cited.
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lyse the epidemiological dataset [4]. In particular, the efectiveness of containment
measure, including contact tracing, case isolation, antiviral prophylaxis, school closure
and other radical and resource-consuming countermeasures should be assessed by
using the empirical data. This can only be achieved by experiencing an actual pan-
demic. The datasets from the 2009 pandemic are thus deemed the most valuable source
for epidemiological investigations which include an explicit analysis using mathematical
and statistical modeling techniques.
Among various public health measures, the present study focuses on the efectiveness
of antiviral prophylaxis as part of the containment measure. In the very early stage of
the 2009 pandemic, mass chemoprophylaxis was implemented to strictly prevent sec-
ondary transmission among close contacts of confirmed cases [5,6]. Since the retro-
spective epidemiological studies of chemoprophylaxis, commonly coupled with contact
tracing, took place across the world, we are granted a precious opportunity to empiric-
aly assess the efectiveness of these countermeasures in combination. To date, a num-
ber of original studies and systematic reviews have been published on the efectiveness
of antiviral prophylaxis against pH1N1, including a study that analysed empirical data-
sets of pH1N1 in a confined household seting [7]. However, a systematic review has
been only partialy focused on pH1N1 [8] with a restriction to randomized controled
trials that recruited participants based on some specified definition of“contact”. The
estimated efectiveness of prophylaxis derived from such studies has not been directly
applicable to other population setings (e.g. not generaly applicable to any other con-
tacts) and thus to the associated policymaking. Moreover, a few original studies have
rested on very rigorous contact tracing, and the finding has been specific to that par-
ticular population (e.g. military conscripts in Singapore [9-11]). Thus, again it is difi-
cult to apply the finding to other practical setings. Similar observational studies have
been hardly published.
Given that the efectiveness of chemoprophylaxis at a population level has yet to
be explicitly assessed, systematicaly reviewing and analysing published retrospective
observational studies would be a great asset to consider and plan for future contin-
gency planning that involves antiviral prophylaxis. The objectives of the present
study are two folds. First, we aim to systematicaly review the efectiveness of che-
moprophylaxis during the course of the 2009 pandemic. Because the efectiveness
of chemoprophylaxis in reducing the risk of secondary transmission cannot be sep-
arately estimated from that of contact tracing based on retrospective studies, we
estimate the efectiveness of the combined two countermeasures. Second, we aim
to explicitly estimate the efectiveness of chemoprophylaxis coupled with contact
tracing by employing a mathematical modeling technique, focusing on a single epi-
demic record of a school-driven outbreak.Methods
The present study consists of two major analytic steps, i.e. (i) a systematic review of lit-
erature and (i) mathematical modeling of an outbreak data. As for the former, this sys-
tematic review was conducted in accordance with the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) statement [12].
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Studies containing data on post exposure chemoprophylaxis against pH1N1 were re-
trieved from the Medline (PubMed) and Web of Science electronic databases on 2





#5: #1 AND #2 AND #3 AND #4
The search was limited to studies published on or after 20 April 2009, i.e. subsequent
to the declaration of emergence of pH1N1 through 2 October 2012.Study selection
Al titles identified by the search strategy were independently screened by two authors
(K.M. and H.N.). Abstracts of potentialy relevant titles were then reviewed for eligibil-
ity, and selected articles were selected for closer examination if any description of either
a complete antiviral chemoprophylaxis or contact tracing was given. The duration of
“complete”prophylaxis was defined as those lasting for 7 days or longer. In addition,
eligible articles must define the“cases”explicitly and identify exposed individuals based
on contact tracing (e.g. based on sharing household or any other opportunities of close
contact).Ascertainment of secondary cases
Secondary infection risks (SIRs) were calculated as the proportion of identified sec-
ondary cases divided by the total number of contacts. It should be noted that the
crude calculation of SIRs as an overal conditional risk of infection given exposure
involves the folowing assumptions: (i) al the contacts are equaly susceptible, and
(i) the SIR is a conditional risk given exposure to the index case(s), and is exam-
ined for a reasonable length of time folowing an ilness onset in the index case.
Depending on the case definition, SIRs can take diferent values due to diferential
eficiency in identifying pH1N1 infection,e.g. by virologic testing, serologic evi-
dence of infection, a rapid detection testing (RDT) result, or by syndromic defin-
ition such as influenza-like ilness (ILI) symptoms and acute respiratory infection
(ARI). Laboratory methods to confirm pH1N1infections included the reverse tran-
scription PCR (RT-PCR) or viral culture on specimens colected from the respira-
tory tract. Serologic methods included an analysis of paired serological specimens
by hemagglutination inhibition or microneutralization assays, with a 4-fold or grea-
ter rise between baseline and convalescent period conventionaly used to indicate
an infection. ILI was frequently defined as the presence of fever plus cough or sore
throat, i.e., a common surveilance definition of the influenza-like ilness. Some stu-
dies also reported the occurrence of ARI among contacts where ARI was defined
as febrile or afebrile upper respiratory tract infection, commonly in the presence of
two or more influenza-related signs or symptoms.
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The primary data extracted were the total numbers of contacts and secondary cases per
single primary case with prophylaxis, which were commonly compared against the
same data among contacts without prophylaxis. If reported, the information with re-
spect to the number of primary cases with incomplete prophylaxis or who dropped out
from the prophylaxis was extracted. Other than these aspects, we extracted the infor-
mation concerning the ascertainment of secondary cases, the specific outbreak seting
(e.g. household or school), the antiviral agents that have been used for prophylaxis, the
durations of prophylaxis and other countermeasures, the time from ilness onset to
starting prophylaxis, containment measures other than contact tracing and chemo-
prophylaxis, any indication of drug resistance (e.g. report of H275Y mutant), and the
numbers of cases with pneumonia and deaths. Al the datasets were summarized in a
standardized form.
Statistical analysis of reviewed SIRs
SIRs were stratified according to the presence and absence of prophylaxis. Statistical
heterogeneity was assessed byI2statistic which represents the extent of the degree of
variation. Al statistical data were analysed using a statistical software JMP version 9.0.0
(SAS Institute Inc., Cary, NC, USA).
Modeling method
As a second part of the study, a mathematical model was employed to analyse an
outbreak data. We focus on a school-driven outbreak record in Madagascar [13] in
which the individual data of the date of ilness onset as wel as the time periods of
mass chemoprophylaxis and school closure have been reported. Because the daily
incidence was given, we describe the epidemic dynamics by employing a discrete-
time renewal equation model. Let the expected incidence (i.e. the number of new






whereAsdescribes the rate of secondary transmission per single primary case at
infection-ages(i.e., the time since infection) [14,15]. The linear model is employed,
because the outbreak occurred in a confined seting and it is unclear if the deple-
tion of susceptible individuals played a role. Thus, as a default assumption, we as-
sume thatAsis decomposed as
As¼Rgs; ð2Þ
whereRis the reproduction number, representing the average number of secondary
cases generated by a single primary case, andgsis the probability mass function of
the generation time, i.e. the time from infection in a primary case to infection in
the secondary case caused by the primary case (see [16] for the details of discret-
isation). Based on a published statisticalstudy [16], the generation time is assumed
to be known and is a discrete function that is derived from the continuous gamma
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Subsequently, we consider three realistic features of the data-generating process.
First, the outbreak investigation study classified the cases into confirmed and non-
confirmed cases [13], denoted byc1tandc0t, respectively. While al confirmed cases
received antiviral treatment upon diagnosis, non-confirmed cases were not subject to
treatment. Supposing that the relative risk of secondary transmission among those with
antiviral treatment compared to those without is expressed by a factor (1-εT) (i.e.εTis
the efectiveness of antiviral treatment in reducing secondary transmissions), the re-
newal equation should be rewriten as







Second, exposed individuals undertook mass chemoprophylaxis with oseltamivir, 75
mg once a day, for 10 days starting from 12 October 2009. Third, the entire school was
closed from 16 October until 1 November 2009 to prevent further transmissions at the
school. LetδPandδSrepresent the relative risks of secondary transmission under mass











whereτ0andτ1represent the first and last days of antiviral prophylaxis, respectively.
Similarly,υ0andυ1represent the first and last days of school closure, respectively.
ParametersεPandεSare the efectiveness of chemoprophylaxis and school closure, re-
spectively. The renewal equation should be updated as









in which we denote the history of the series of cases up to daytbyHt, and we use the
conditional expectation on the left-hand side for the sake of later statistical inference. It
should be noted thatRin (7) is interpreted as the reproduction number in the absence
of countermeasures including the chemoprophylaxis, school closure and antiviral treat-
ment. Since the equation (7) describes only the linear dynamics, we also considered an
alternative model that explicitly accounts for the depletion of susceptible individuals.
The conditional expectation for the alternative model reads









wherestrepresents the fraction of susceptible individuals in the beginning of dayt,
which was calculated using the observed data, i.e.,
X







whereMtscales the total number of boarders in the beginning of dayt(i.e. used for
scaling the cumulative incidence).
Using the Madagascar data, we estimate four parameters, i.e.,R,εT,εPandεSthrough
a likelihood-based approach. We employ three conditional likelihood functions to esti-
mate the parameters under two diferent scenarios (i.e. one scenario with the depletion
of susceptibles and the other without). As the first likelihood, the infection process is
assumed as suficiently characterized by Poisson process ignoring individual heterogen-
eity [16]. Given observed data from time 0 up totfwith the total daily number of new
cases (i.e., the sum of confirmed and non-confirmed cases) denoted byNtup to dayt,








Second, an alternative likelihood function is to assume that the incidence is geomet-



























wherekis the dispersion parameter that was estimated jointly with other parameters.
Both Poisson and geometric distributions are the special cases of this negative binomial
distribution withk→∞andk→0, respectively. Maximum likelihood estimates of the
parameters were obtained by minimizing the negative logarithm of the likelihood func-
tion (10), (11) or (12). The 95% confidence interval (CI) was computed by using the




Of the 720 titles that were initialy identified, 366 abstracts were accessed for eligibility,
of which 295 were excluded, and 71 ful length articles were assessed for eligibility
(Figure 1). Of these, 17 studies were determined to be eligible and included in this sys-
tematic review [6,18-33]. Of the excluded 54 ful length reports, 48 articles did not in-
clude the information of either prophylaxis or contact, 5 articles did not permit us to
Figure 1Flow diagram of study selection.
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complete prophylaxis, and 1 study was on a seasonal A/H1N1. We thus excluded these
articles from the folowing review.
Tables 1, 2, 3 summarize 17 studies that have been included in our review. There was
a variety of the definitions of contact, including an arbitrary definition based only on
sharing a confined space or an artificial one for the sake of practicalities to disseminate
prophylactic medications among al potentialy exposed individuals. In the household
seting, household contacts tended to be defined as any person who had stayed over-
night at least 1 night in the household within 1 day before or 7 days after symptom
onset in an index case. In other study setings such as military camp and hospital ward,
the definition was broader than household studies, including any person who shared
the same space and time with the index case and had a possibility to have been exposed
to the index case. Of the 17 studies (which actualy covered 19 outbreaks, because one
study reported three diferent outbreaks), 8 (42.1%) reported outbreaks in hospital
ward, 9 (47.3%) reported household outbreaks, and 4 (21.1%) outbreaks were school-
driven, including those arising from primary school, secondary school and high school
(Table 1).
With respect to index case ascertainment (Table 1), RT-PCR was used in 15 out-
breaks (78.9%), ILI was adopted in 4 (21.1%) and RDT was used in 2 outbreaks (10.5%),
respectively. The numbers of index cases and traced contacts were reported in 16 of 19
(84.2%) and 19 of 19 outbreaks (100%), respectively. The median numbers of index
cases and contacts per study were 10.0 (quartile: 1.0, 56.8) and 50.0 (quartile: 13.0,
266.0), respectively. The median number of contacts per index case was calculated at
3.4 (quartile: 1.2, 44.6). As for prophylaxis, 17 outbreaks (89.5%) employed oseltamivir
alone. Of the total of 19 outbreaks, 5 (26.3%) outbreaks reported that the duration of
prophylaxis was set at 10 days for oseltamivir alone and 7–10 days for a combination
of oseltamivir and zanamivir. The diferent regimens of 9–10 days and 14 days for osel-
tamivir alone were adopted in 1 (5.3%) outbreak for each.
Secondary infection risk and prophylaxis
Median SIRs among exposed individuals with and without prophylaxis were estimated
at 2.1% (quartile: 0, 12.2) and 16.6% (quartile: 8.4, 32.4), respectively (Table 2).I2statistic
Table 1 Studies on contact tracing and antiviral prophylaxis against influenza A (H1N1-2009) included in the systematic review
Authors Country Year Outbreak Setting Index case
ascertainment
No. index cases No. subjects traced Postexposure prophylaxis Dose and
duration
Baz et al. [18] Canada 2009 Household RT-PCR 1 4 oseltamivir 10 days
Calatayud et al. [19] United Kingdom 2009 School RT-PCR 23 2042 oseltamivir N/A
CDC [20] Colorado, USA 2009 Long Term Care Facilities ILI 21 43 oseltamivir N/A
CDC [20] Maine, USA 2009 Long Term Care Facilities ILI/RT-PCR 9 284 oseltamivir 14 days
CDC [20] New York City, USA 2009 Long Term Care Facilities RT-PCR 1 983 oseltamivir N/A
Falo et al. [21] Argentina. 2009 Household RT-PCR 92 266 oseltamivir N/A
France et al. [22] USA 2009 School (High School)/
Household
ILI/RT-PCR 222 50 oseltamivir (n = 46),
zanamivir (n = 4)
N/A
Iioka et al. [23] Japan 2010 Hospital ward RDT 1 49 oseltamivir N/A
Jackson et al. [24] USA 2009 Household RT-PCR/Serology 32 9.7† oseltamivir N/A
Komiya et al. [6] Japan 2009 Household RT-PCR 124 333 oseltamivir (n = 232),
zanamivir (n = 63) &
others (n = 38)
7–10 days
Kute et al. [25] India 2010 Hospital ward RT-PCR 1 1 oseltamivir 10 days
Leung et al. [26] Hong Kong 2009 School (Secondary school)/
Household
RT-PCR 65 64 oseltamivir N/A
Lisena et al. [27] Italy 2009 Household RT-PCR 1 5 oseltamivir 10 days
Maltezou et al. [28] Greece 2011 Hospital ward N/A N/A 13 oseltamivir 10 days
Morgan et al. [29] USA 2009 Household RT-PCR N/A 92 oseltamivir N/A
Pannaraj et al. [30] USA 2009 Hospital ward ILI/RDT/RT-PCR 11 21 oseltamivir 9–10 days
Tsagris et al. [31] Greece 2011 Hospital ward RT-PCR 2 20 oseltamivir 10 days
van Gemert et al. [32] Australia 2009 Household RT-PCR N/A 57 oseltamivir N/A
Weston et al. [33] Australia 2009 School (Primary School) Not specified 1 83 oseltamivir N/A
Year, year of study; RDT, rapid diagnostic testing; ILI, influenza-like ilness (fever plus cough or sore throat); RT-PCR, reverse transcriptase polymerase chain reaction; N/A, not available;†weighted number, i.e., the figure






















































Table 2 Secondary infection risks (SIR) during contact tracing and chemoprophylaxis against influenza A (H1N1-2009)














Baz et al. [18] 15, 18, 50 and 59 y/o 4 1 25.0 (0, 67.4) 0 0 NC RT-PCR
Calatayud et al. [19] N/A 2042 0 0 N/A N/A N/A RT-PCR
CDC [20] N/A 43 0 0 N/A N/A N/A ILI
CDC [20] N/A 284 6 2.1 (0.4, 3.8) 16 0 0 ILI
CDC [20] N/A 983 176 17.9 (15.5, 20.3) N/A N/A N/A ILI
Falo et al. [21] N/A 266 29 10.9 (7.2, 14.7) 31 12 38.7 (21.6, 55.9) ARI/ILI
France et al. [22] Median 45 y/o
(range: 0–91 y/o)
50 2 4.0 (0, 9.4) 651 76 11.7 (9.2, 14.1) ILI
Iioka et al. [23] N/A 49 6 12.2 (3.1, 21.4) 0 0 NC RDT/RT-PCR
Jackson et al. [24] N/A 9.7† 3.6† 37.1 (6.7, 67.5) 69.3† 11.5† 16.6 (7.8, 25.4) Serology
Komiya et al. [6] Median 43 y/o
(quartiles: 0–82)
333 2 0.6 (0, 1.4) 46 12 26.1 (13.4, 38.8) RT-PCR
Kute et al. [25] 40 y/o 1 0 0 0 0 NC ILI
Leung et al. [26] N/A 64 0 0 141 12 8.5 (3.9, 13.1) RT-PCR
Lisena et al. [27] Not specified 5 0 0 1 1 100 (NC) RT-PCR
Maltezou et al. [28] Median 11 days
(0–27 days)
13 0 0 0 0 NC ILI
Morgan et al. [29] N/A 92 18 19.6 (11.5, 27.7) 143 12 8.4 (3.8, 12.9) ARI/ILI/RT-PCR
Pannaraj et al. [30] 2–343 d/o 21 0 0 0 0 NC ILI
Tsagris et al. [31] Below 1 y/o 20 1 5.0 (0, 14.6) 0 0 NC RT-PCR
van Gemert et al. [32] 1–74 y/o 57 1 1.8 (0, 5.2) 65 17 26.2 (15.5, 36.8) ILI
Weston et al. [33] N/A 83 2 2.4 (0, 5.7) 0 0 NC Non Specified
95% CI, 95 percent confidence interval; RDT, rapid diagnostic testing; ILI, influenza-like ilness (fever plus cough or sore throat); RT-PCR, reverse transcriptase polymerase chain reaction; N/A, not available; NC, not






















































Table 3 Secondary infection risks (SIR) of influenza A (H1N1-2009) in relation to the timing of prophylaxis, containment measures and other factors
Authors SIR % (95% CI)
with prophylaxis
Time to start prophylaxis Containment measures other than






Baz et al. [18] 25.0 (0, 67.4) 0–2 days N/A Yes N/A N/A
Calatayud et al. [19] 0 0–10 days School closure No N/A N/A
CDC [20] 0 0–4 days Movement to care unit No 0 0
CDC [20] 2.1 (0.4, 3.8) N/A Movement restriction, Facility closure to
new admission and visitors
No N/A N/A
CDC [20] 17.9 (15.5, 20.3) within 24 hours Restriction of visiting No N/A N/A
Falo et al. [21] 10.9 (7.2, 14.7) N/A N/A No N/A N/A
France et al. [22] 4.0 (0, 9.4) N/A N/A No N/A N/A
Iioka et al. [23] 12.2 (3.1, 21.4) immediately after ilness
onset in index case
Refusal of new admission,
Entry restriction
Yes 3 (50%) 3 (50%)
Jackson et al. [24] 37.1 (6.7, 67.5) N/A N/A No N/A N/A
Komiya et al. [6] 0.6 (0, 1.4) median 2 days (quartiles: 0–7) Staying at home Yes N/A N/A
Kute et al. [25] 0 N/A N/A No 0 0
Leung et al. [26] 0 N/A School closure No 0 0
Lisena et al. [27] 0 1–2 days N/A No 0 0
Maltezou et al. [28] 0 N/A N/A No 0 0
Morgan et al. [29] 19.6 (11.5, 27.7) N/A N/A No N/A N/A
Pannaraj et al. [30] 0 N/A N/A No 0 0
Tsagris et al. [31] 5.0 (0, 14.5) N/A N/A No 1 (100%) 0 (0%)
van Gemert et al. [32] 1.8 (0, 5.2) median 6 days Separation and restriction of movement
in their homes
No N/A N/A
Weston et al. [33] 2.4 (0, 5.7) 1–2 days Quarantine No N/A N/A
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both of those with and without prophylaxis. Employing a pairedt-test with n = 8, the SIR
among prophylaxis group appeared to be only marginaly significantly smaler than that
among the control group (p = 0.052). In two studies, the SIRs among those without
prophylaxis were smaler than the SIRs among those with prophylaxis, and the underlying
reason for this finding was not manualy identifiable. SIR among those who undertook
prophylaxis was not significantly associated with the number of traced contacts (p = 0.75,
a linear regression). Combining the outbreak seting information in Table 1 with those in
Table 2, we found that median SIR with prophylaxis at school seting was 1.2% (quartile:
0, 3.6), being smaler than that at non-school setings with 2.1% (quartile: 0, 17.9) (Welch
ANOVA, p = 0.03). Outbreaks occurring in households did not yield significantly higher
SIR than other setings (p = 0.12,t-test). When we stratify the SIR by ascertainment
method (i.e. syndromic or laboratory diagnosis), median SIR with prophylaxis ascertained
by ILI was 1.9% (quartile: 0, 12.7), which was slightly smaler than those based on RT-PCR
with the median SIR of 2.4% (quartile: 0, 18.6). No significant association was identified
between SIR and the ascertainment method (p = 0.50,t-test).
The median length of delay from exposure to prophylaxis was 1.5 days (quartile: 0.8,
2.5), which was not associated with SIR (p = 0.14, linear regression; Table 3). Median SIR
in outbreaks with clearly documented additional countermeasures (e.g. school closure)
was 1.8% (quartile: 0, 7.3) which was smaler than other studies with median SIR of 4.5%
(quartile: 0, 20.9). However, the diference was not significantly diferent (p = 0.21,t-test).
Outbreaks with a report of mutation marker of resistance yielded greater SIR (median
12.2% (quartile: 0.6, 25.0) as compared to those without any report of resistance (median
1.9% (quartile: 0, 9.4), but the diference was not significant (p = 0.47,t-test). A total of
eight studies explicitly documented the numbers of cases with pneumonia and fatal out-
come (Table 3). Of these, 1 study reported three deaths due to pneumonia and another
study reported one pneumonia case who had eventualy recovered.Description of the outbreak in Madagascar
Figure 2 shows an epidemic curve of a school-driven outbreak of pH1N1 among board-
ing pupils in Madagascar from 6 October to 2 November 2009. Daily number of new
symptomatic cases is shown by the date of ilness onset, classified by confirmatory diag-
nosis status. There were 59 cases who exhibited at least one symptom of influenza-like
ilness (i.e., fever, cough or sneezing) among a total of 132 boarders. Confirmatory diag-
nosis was made by real-time RT-PCR. Of the 59 cases, 20 cases (33.9%) were confirmed
and 36 cases (61.0%) were non-confirmed in Figure 2. There were other 3 non-
confirmed cases (5.1%) who were excluded from Figure 2 and from our modeling ana-
lysis due to untraced characters including unknown dates of ilness onset. Confirmed
cases received antiviral treatment upon diagnosis, while others did not undertake anti-
viral treatment.Modeling results
Figure 3A compares the observed and predicted incidence of pH1N1 outbreak in
Madagascar. Overal, our simplistic model captured the qualitative patern of the temporal
dynamics (i.e. incidence) wel. Fiting two diferent types of models with and without
Figure 2Epidemic curve of a school-driven outbreak of influenza A (H1N1-2009) in Madagascar.
Daily number of symptomatic cases is shown, depending on confirmatory diagnosis status [13]. Confirmed
cases were diagnosed by means of RT-PCR, while others were diagnosed by contact plus influenza-like
ilness, partialy with swab samples. Chemoprophylaxis with oseltamivir was conducted for 10 days from
12 October 2009. School closure was implemented from 16 October 2009.
Figure 3Epidemic dynamics of influenza A (H1N1-2009) in a primary school, Madagascar.
A. A comparison of the observed daily incidence (dots) against conditional expected values with and
without accounting for the depletion of susceptible individuals (solid and dashed lines, respectively). Day 0
represents 6 October 2009 onwards.B. Maximum likelihood estimate (solid line) and the 95% confidence
intervals (doted lines) of the efective reproduction number without accounting for interventions. We
assumed that the number of cases on each day was suficiently characterized by Poisson distribution. The
estimates of the efective reproduction number reflect the time-dependent reduction in the transmissibility
due to depletion of susceptible individuals only. Horizontal dashed line represents the threshold level of
R= 1 above which it implies that the epidemic can continue without public health interventions.
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fiting results (Figure 3A and Table 4).
Table 4 summarizes the parameter estimates of the proposed model and the efective-
ness of prophylaxis, treatment and school closure. The efectiveness of mass chemo-
prophylaxis ranged from 92.8% to 95.4% according to diferent model assumptions and
likelihood functions. The estimated high values should be cautiously interpreted as they
do not only represent the efect of antiviral prophylaxis but also many other factors
that could arise from rigorous contact tracing. The estimated efectiveness of antiviral
prophylaxis was less sensitive to the incorporation of the depletion of susceptible indi-
viduals and the choice of likelihood function, especialy when it was compared with the
sensitivities of other parameters including the reproduction number (the MLE ranging
from 4.8 to 7.4), the efectiveness of antiviral treatment (the MLE from 4.4% to 26.1%)
and the efectiveness of school closure (the MLE ranging from 10.0% to 48.0%). In
other words, Table 4 suggests that the efectiveness of chemoprophylaxis coupled with
contact tracing that is greater than 92% is a robust finding. With regard to the model
fit, the simplest type, i.e., a Poisson distributed likelihood without depletion of suscepti-
bles, yielded the minimum AIC value (35.0).
Figure 3B shows the estimate of the efective reproduction number along with the
95% confidence interval based on a model that explicitly accounted for the depletion of
susceptible individuals. Here the efective reproduction number represents the average
number of secondary cases per primary case at calendar timetin the absence of any
interventions. Both the expected value and the lower 95% confidence limit were con-
tinuously above unity, indicating that the outbreak could have lasted for a longer time
if no intervention took place. In other words, the outbreak was likely to have declined
to extinction due to concerted interventions.Discussion
The present study explored published literature on antiviral prophylaxis and contact
tracing against pH1N1, aiming to systematicaly investigate the published data andTable 4 Estimates for the parameters governing the transmission dynamics of influenza























Poisson Yes 4.8 (1.8, 9.6) 14.1 (0, 72.1) 94.3 (87.6, 97.7) 31.6 (0, 76.8) 37.9
Poisson No 6.0 (2.2,12.2) 4.4 (0, 68.2) 93.3 (85.6, 97.3) 10.0 (0, 69.5) 35.0
Geometric Yes 6.6 (1.5, NC) 26.1 (0, NC) 94.1 (71.8, 98.7) 40.6 (0, NC) 39.7
Geometric No 7.4 (1.6, NC) 12.8 (NC, NC) 92.8 (66.7, 98.4) 15.1 (0, NC) 39.1
Negative
binomial
Yes 6.6 (2.2, 16.4) 27.7 (0, 85.5) 95.4 (87.7, 98.4) 48.0 (0, 84.8) 37.6
Negative
binomial
No 7.2 (2.5, 17.0) 13.1 (0, 78.4) 94.0 (85.6, 97.8) 22.6 (0, 76.2) 36.1
‡CI, confidence interval (derived from the profile likelihood);§AIC, Akaike’s information criterion; NC, not calculable;
Dispersion parameter estimates for negative binomial distribution are 7.6 and 13.0 for those with and without
accounting for depletion of susceptibles.
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used for exploring various aspects of contact tracing [34-36]. In the systematic review,
a very high heterogeneity in the SIR was identified, which was likely associated with dif-
ferential setings of exposure and non-uniform designs of observational studies. Al-
though the SIR among those who undertook the prophylaxis was significantly smaler
than the control group, it appeared infeasible to explicitly estimate the efectiveness of
prophylaxis in reducing the transmission of influenza based on a simple meta-analysis
of retrospective observational studies. As a supplementary approach, we have devised a
mathematical model, applying it to a single particular outbreak in Madagascar and
yielding the estimates of the efectiveness of prophylaxis and other countermeasures. A
renewal equation model, which has atracted scientific interest in other recent applica-
tions [37], was employed. The efectiveness of prophylaxis coupled with contact tracing
was estimated as high as 92% or greater, which appeared to be robust to diferential
model assumptions. This was also in good agreement with the relative reduction in me-
dian SIR by prophylaxis, calculated at 87.3%. A mathematical modeling exercise focus-
ing on a specific dataset satisfied the need to explicitly estimate the efectiveness.
There has been a published systematic review of randomized controled trials (RCT)
on the efectiveness of antiviral prophylaxis at an individual level [8]. However, the ex-
posure in the controled trials has had to be very specific and comparable across stud-
ies, and thus, the result has not been directly applicable to a variety of practical setings
(e.g. for policymaking at a population level). In fact, there has not been a generaly
accepted mathematical procedure in translating the individual estimate during a certain
contact into the likely efectiveness at a population level (e.g. in a school). This indi-
cates that the population benefit of implementing prophylaxis as part of containment
measures has remained unclear even after the RCT. In such an instance, we believe that
it is useful to estimate the efectiveness from retrospectively colected data at popula-
tion levels, even though observational study design is vulnerable to various factors in-
cluding case ascertainment and indirect impact of contact tracing on the spread of
disease. We systematicaly searched for al potentialy available literature, although
there was only the limited available information with a dificulty in disentangling the
data-generating process. Our review identified that diferent studies employed diferent
methods of“ascertainment”and diferent definitions of“exposure”, not alowing us to
conduct a simple and explicit meta-analysis. On the other hand, modeling analysis
ofered a robust estimate of the efectiveness of prophylaxis, demonstrating that the
contact tracing with prophylaxis yielded an apparent reduction in the risk of secondary
transmission. This finding unfortunately applies only to the specific school seting in
Madagascar, but our study adds to literature including studies among military con-
scripts in Singapore, supporting the notion that it is worth considering the containment
measure with antiviral prophylaxis.
An important data gap should be identified for future observational studies, because
an explicit statistical analysis could be made based on a wel-designed observational
study [38]. The designed observational study could also satisfy other objectives includ-
ing the determination of optimal duration of prophylaxis [39]. As we discussed earlier,
one particular study seting ofers the estimate that is applicable to only the same seting,
preventing us from ofering a broadly applicable finding to other populations. How-
ever, considering that our modeling exercise successfuly estimated the efectiveness of
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htp:/www.tbiomed.com/content/10/1/4antiviral prophylaxis for a particular outbreak at a school seting, and given that it is difi-
cult to disentangle the relationship between individual efect in RCTs and its relevance to
the efectiveness at a confined seting, future study should colect the dataset in a particu-
lar confined seting with the details of exposure information (e.g. the time from exposure
to prophylaxis and the extent/density of the contact) adopting common methodolo-
gy for ascertainment and exposure across diferent studies. One could subsequently
employ a mathematical model to analyse the meta-data by combining diferent da-
tasets of an identical confined seting (e.g. meta-data of school outbreaks). As long
as we can ensure the comparability of ascertainment method and contact across dif-
ferent studies during the systematic review, the analysis of meta-data using mathemat-
ical modeling techniques could possibly yield more or less comparable and widely
applicable results. In fact, a recent modeling study analysed the meta-data of house-
hold transmission studies, estimating a key parameter that governs the transmissibility
as wel as identifying the extent of heterogeneity [40]. Unfortunately, the presently
available data on chemoprophylaxis (Table 1) did not permit us to conduct a similar
model-based meta-analysis due mainly to inconsistency of the definition of contact
and shortage of information. However, future studies can systematicaly address the
abovementioned points by focusing on a specific confined seting such as household
or school.
Three technical limitations should be noted. First, our systematic review investigated
retrospective observational studies that did not provide us with suficient epidemio-
logical information and sample size. Because of diferent outbreak setings with missing
data, we did not adhere to formal methodology of meta-analysis and, for instance, did
not account for the weight of each study based on sample size when implementing any
hypothesis testing. A more controled analytical method with an identical exposure set-
ting and greater sample size could ofer some positive important finding in the future.
Second, the outbreak in Madagascar occurred in a school seting and we applied a
homogeneously mixing model to the data. The validity of applying such an approximate
model to close contact data has yet to be assessed. An explicit validation including the
appropriateness of computing the threshold quantity is caled for. Moreover, one
should remember that our modeling approach ignored asymptomaticaly infected indi-
viduals who could have been infectious to others. Third, the generation time was
assumed as known. Although one could try to estimate the generation time jointly with
other parameters from epidemic data, the generation time distribution of the smal out-
break data should be far from the stable distribution [16] and the time-dependency in a
specific population (e.g. boarders) which is likely to form clusters is expected to be
complex [41,42].
Despite a need for improvements in a number of diferent methodological aspects to
explicitly assess the feasibility of antiviral prophylaxis as part of containment measure,
the present study at least identified the associated epidemiological data gaps. When an
outbreak is confined to a particular seting, we have shown that one can use the time
of ilness onset and the detailed timing of interventions to estimate the efectiveness of
prophylaxis by employing a mathematical model. As long as we improve the study
designs including common methodologies of ascertainment and contact tracing, math-
ematical modeling wil be a very useful tool to analyse the meta-data and answer press-
ing public health questions [43].
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The present study systematicaly reviewed retrospective studies that explored the efec-
tiveness of antiviral prophylaxis during the 2009 pandemic and explicitly estimated the
efectiveness by employing a mathematical model. In the systematic review, a very high
heterogeneity in the SIR was identified withI2statistic at 71.8%. It was dificult to expli-
citly estimate the efectiveness of prophylaxis based on simple meta-analysis of retrospect-
ive observational studies. However, modeling analysis of a single outbreak successfuly
yielded an estimate of the efectiveness, ranging from 92.8% to 95.4% according to difer-
ent model assumptions and likelihood functions. Future studies could fil the data gap in
retrospective observational studies including the investigation of cases and contacts and
analyse the meta-data using a mathematical model.
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